For many years laboratory isolation of Burkholderia pseudomallei, the cause of the potentially fatal infection melioidosis, has relied on the use of Ashdown's selective agar (ASA). It has become apparent recently that ASA inhibits growth of some clinical isolates.
Laboratory diagnosis of acute septicaemic melioidosis is usually made by conventional blood culture techniques. In these circumstances a rich non-selective agar is adequate (7) .
However, isolation of Burkholderia pseudomallei is more difficult in clinical specimens from non-sterile body sites. Isolation from sputum is particularly difficult when low numbers of B. pseudomallei are present and there is an abundant commensal upper respiratory flora.
The isolation of other non-fermentative Gram negative species that morphologically resemble B. pseudomallei further compounds the difficulties experienced in the bacteriological diagnosis of melioidosis (5).
Ashdown's selective agar (ASA; 1) is the currently favoured medium for the isolation and presumptive identification of B. pseudomallei in melioidosis-endemic areas. B. pseudomallei produces highly wrinkled circular purple colonies on ASA by 48 h. A report of B. pseudomallei detection by rtPCR despite an absence of growth on ASA (2) suggests that significant improvements could be made to the isolation technique currently in use. It has also been noted in local clinical laboratory use that ASA is inhibitory to some strains of B.
pseudomallei (6) . In that study, comparisons of ASA with a non-selective, enriched agar medium indicated that the recovery of the persistently mucoid variant could be improved.
There has been no significant improvement in the isolation of B. pseudomallei from clinical specimens from non-sterile sites since the original development of ASA. The aim of the present study was to develop a selective agar (BPSA; Burkholderia pseudomallei selective agar) that did not inhibit the persistently mucoid colony form of B. pseudomallei while maintaining selective activity against other bacteria.
Media development.
Each of the ingredients of Ashdown's selective medium (trypticase peptone, 4% glycerol, 5 mg/L crystal violet, 50 mg/L neutral red and 4 mg/L gentamicin), nile blue and 9 potential carbon sources were tested for inhibition of colony formation, colony size and wrinkling of colony surfaces by individual inclusion to a minimal media. In preliminary studies nile blue proved to be an effective antibacterial supplement (6) . 4 1 mL of 10 mg/mL). The control medium for this experiment contained no C source. Inoculum was prepared as 10 mL overnight cultures then centrifuged at 300 g for 15 min, the pellet was resuspended in 3 mL cold water for 10 min and centrifuged for a further 10 min. This wash step was repeated and the pellet was resuspended in minimal media with no carbon source. A 10 µL inoculation of approximately 10 8 cfu/ml of each strain was put into 10 mL of pre-warmed (35°C) media. There were two replicates for each treatment and 5 h colony counts and 24 h spectrophotometry readings (450 nm) were taken in duplicate to calculate growth in each medium.
Primary
The lower concentration of maltose provided the highest colony counts and largest colonies
sizes of all C sources tested, while being slightly inhibitory to some B. cepacia strains. Crystal violet reduced colony counts of NCTC 13177 by 100 fold and reduced colony sizes of NCTC 10276 by 75% and BCC11 by 50%. Neutral red and nile blue had no effect on colony counts but slightly reduced the colony size of NCTC 13177.
Glycerol. To test if the incorporation of glycerol into solid media had any effect on the persistently mucoid strain SMA was prepared with 0 and 4% glycerol. Glycerol (0 and 4%)
was also added to a less rich medium (
NaCl 10g/L) solidified with 1% bacteriological agar (Oxoid Ltd., London).
The glycerol was added after autoclaving when the medium had cooled to 40°C. Inoculum was grown overnight, washed and diluted to approximately 10 3 organisms/mL, before spiral plating onto the test medium. Colony counts were done at 24 and 48 h after incubation.
Addition of glycerol to SMA had no significant effect on colony counts, however it significantly reduced colony size. The colonies were slower to appear and were very small (<0.1 mm) on the minimal media containing glycerol. wrinkling of the colony surface, was observed at each of these time points. The degree of colony wrinkling was assessed using a ranking system (Table 1) . This experiment was repeated once.
B. pseudomallei. Colony counts of the type strains of B. pseudomallei on BPSA were comparable (p=0.85) with those on ASA while the persistently mucoid strain produced a significantly (p<0.05) higher count on BPSA (Figure 1 ). On BPSA, 98% of B. pseudomallei strains produced equivalent or higher colony counts (p=0.05) than on ASA ( Table 2 ). The exception was one clinical strain at 48 h. At 24 h, 7 clinical strains had not grown on ASA but produced counts of 10 4 organisms/mL on BPSA. The difference between the two media was reduced after 48 h incubation.
The other most notable difference between BPSA and ASA was the significant increase (p<0.05) in colony size of 36% of B. pseudomallei strains on BPSA. All 50 strains produced larger colonies on BPSA after 24 h incubation, with 86% of strains being 2 to 9 times larger.
Of the 3 mucoid strains examined, 2 produced 25% larger colonies on BPSA. The difference in colony size on the two selective media decreased with time so that by 7 d only 60% of colonies were at least 10% larger on BPSA than on ASA.
One recently isolated clinical strain showed significantly (p<0.05) more wrinkling on BPSA after 7 d. On ASA this strain did not wrinkle but presented as a convex smooth colony (ranked as 0), while on BPSA it produced contours and some wrinkling (ranked as 3). While there was no significant difference overall in the amount of wrinkling between colonies on each medium at 48 h, one quarter of the strains was more wrinkled on BPSA than on ASA.
This reflected a generally faster growth of colonies on BPSA.
Whilst a variety of surface wrinkling patterns was observed on BPSA, all non-mucoid strains produced a characteristic flat and dry, mauve coloured colony by 48 h. These colonies progressed over 7 d to become deep purple and highly wrinkled (Figure 2a and b) . The exception to this was the one strain that only grew sparsely on ASA. This strain had distinct colonies that remained convex and absorbed little of the red pigment. Colonies of this strain were pink, circular and lobate after 7 d. The persistently mucoid strain produced large wet colonies that had a blue/purple border and a pink to mauve centre (Figure 2c ). Under UV While ASA proved to be more selective, the growth of Staphylococcus aureus and P. fluorescens, P. pseudoalcaligines and P. oryzihabitans on BPSA was scant and did not appear until 48 h after inoculation (Table 2 ). There was a 9 log 10 decrease in colony counts of gentamicin resistant P. aeruginosa and S. aureus on all selective media used. On BPSA the P. aeruginosa strains fluoresced blue under UV illumination, while E. faecalis, E. coli, S.
pyogenes and S. aureus did not fluoresce.
In conclusion, this evaluation of selective media for the isolation of B. pseudomallei showed the novel medium BPSA was better than Ashdown's selective agar medium. The improvements included a reduced time to detection by increased numbers of colonies and larger colony size, and the recovery of strains of B. pseudomallei inhibited by ASA.
Although ASA performs well as a selective agar it inhibits persistently mucoid strains of B. pseudomallei. It was previously noted that rough strains of B. pseudomallei grew on glycerol agar but this medium was inhibitory to the smooth strain (8) . In 2 out of the 3 mucoid strains tested, BPSA produced larger colonies faster. As glycerol is a precursor for polyhydroxybutyrate synthesis, it is required in BPSA but less glycerol was incorporated than is in ASA. Crystal violet, which was inhibitory to mucoid strains, was excluded from BSPA.
The isolation of mucoid variant strains from clinical specimens is uncommon at present, however, this may reflect the inhibitory effect of ASA on B. pseudomallei in non-sterile sites.
The only persistently mucoid strains isolated to date in Australia have been recovered on nonselective agar in clinical diagnostic use.
BPSA was highly selective against a variety of Gram positive and Gram negative bacterial species. Pseudomonas species, including some gentamicin resistant strains of P. aeruginosa, were inhibited on BPSA. This is a feature that is expected to prove useful in inhibiting growth of P. aeruginosa commonly found as a contaminant in sputum specimens. Ashdown's selective agar (Ashdown, 1979) and BPSA (Burkholderia pseudomallei selective agar).
